A clinician-reported outcome (ClinRO) assessment is a type of clinical outcome assessment (COA). ClinRO assessments, like all COAs (patient-reported, observer-reported, or performance outcome assessments), are used to 1) measure patients' health status and 2) define end points that can be interpreted as treatment benefits of medical interventions on how patients feel, function, or survive in clinical trials. Like other COAs, ClinRO assessments can be influenced by human choices, judgment, or motivation. A ClinRO assessment is conducted and reported by a trained health care professional and requires specialized professional training to evaluate the patient's health status. This is the second of two reports by the ISPOR Clinical Outcomes AssessmentEmerging Good Practices for Outcomes Research Task Force. The first report provided an * Address correspondence to: John H. Powers, George Washington University School of Medicine, Penfield House, 15915 Emory Lane, Rockville, MD20853. jpowers3@aol.com. 
Introduction
Clinical trials evaluate treatment benefit using outcome assessments that measure, directly or indirectly, how patients feel, function, or survive in a disease or condition. Outcome assessments include survival, clinical outcome assessments (COAs), and biomarkers. A COA is any evaluation that can be influenced by human choices, judgment, or motivation. There are four types of COAs: patient-reported outcome (PRO), clinician-reported outcome (ClinRO), observer-reported outcome (ObsRO), and performance outcome (PerfO) [1] . A COA may support either direct or indirect evidence of treatment benefit. Unlike a biomarker that relies completely on an automated process or algorithm, a COA depends on the implementation, interpretation, and/or reporting from a patient, a clinician, or an observer. This report focuses on ClinROs. A ClinRO is an evaluation in which a member of the investigative team with appropriate professional training is the rater. A ClinRO assessment is any COA in which the individual determining the rating must have some specific professional training to properly form a judgment. Note that although all ClinRO assessments are COAs, not all COAs are ClinRO assessments. Appropriate development of ClinRO assessments and other COAs is consistent with the current trend toward a more patient-centric approach to drug development. Increased assessment validity and reliability can help to better define relevant treatment benefit, decrease variability resulting in a decrease in the number of patients needed to demonstrate treatment benefit, provide better information to make decisions regarding benefits versus harms for regulatory review, improve decision making in clinical practice, and justify payment for new interventions.
Background to the ISPOR Task Force
Since 2009, ISPOR has published eight ISPOR PRO Task Force Reports based on addressing aspects of the development and application of patient reported outcomes. (See the ISPOR Good Practices for Outcomes Research Index http://www.ispor.org/ workpaper/practices_index.asp) These ISPOR PRO Task Force Reports are consistent with the US Food and Drug Administration's guidance for industry, "Patient-Reported Outcome Measures: Use in Medical Product Development to Support Labeling Claims" that described how the FDA would evaluate the adequacy and appropriateness of PRO measures used as effectiveness end points in clinical trials.
With the FDA's evolution toward the review and qualification of clinical outcome assessments (COAs), defined as any reported assessment used to support primary or secondary endpoints to document treatment benefit, several ISPOR PRO Task Force members decided to address a gap in the guidance focused on a specific type of COAclinician reported outcome (ClinRO). A proposal was submitted, and in January 2013, the ISPOR Health Science Policy Council recommended formation of an ISPOR Clinical Outcomes Assessment -ClinRO Emerging Good Practices for Outcomes Research Task Force. The ISPOR Board of Directors subsequently approved task force formation.
Task Force members and primary reviewers were selected to represent a diverse range of perspectives: government / regulatory (US FDA and the European Medicines Agency (EMA)), academia, research organizations, and the pharmaceutical industry. The task force leadership group was comprised of experts in PRO and other assessments development, psychometrics, clinical trial data collection, and regulatory affairs. An international perspective was gained through task force membership, presentations at the ISPOR Annual Meetings and European Congresses, as well as through two rounds of reviews by the 650+ person ISPOR PRO / COA Review Group.
The task force met approximately every five weeks by teleconference to develop an outline, discuss content issues that arose and revised drafts. In addition, task force members met in person at the ISPOR International Meetings and European Congress. In the course of task force deliberations and in response to specific comments and suggestions from reviewers, it became clear that a foundation on COAs was needed before the ClinRO material could be discussed. The task force developed the introductory material, and Clinical outcome assessments: A conceptual foundation -Report of the ISPOR Clinical Outcomes Assessment Emerging Good Practices Task Force was published in September 2015.
The second report delves into this one COA, the specific aspects of ClinRO assessments and makes good measure practices recommendations. Like the first report, preliminary findings and recommendations were presented at the ISPOR Annual International Meeting and European Congress. Comments received during these presentations, as well as the written comments received during the two review rounds were addressed in subsequent drafts of the report. All comments were considered. Most were substantive and constructive. Both ISPOR COA Task Force Reports are expert consensus guidance recommendations publications.
The ISPOR Clinical Outcomes Assessment Task Force developed two task force reports. The first report, "Clinical Outcome Assessments: A Conceptual Foundation-Report of the ISPOR Clinical Outcomes Assessment Emerging Good Practices Task Force" [2] , covered the basic tenets, including definitions. It provides the background for this second report on emerging good measurement practices for ClinRO assessment development and evaluation.
Because this is a new field, we consider these recommendations to be emerging. They may evolve as more research is conducted. For convenience, we will refer to emerging good measurement practices as good measurement practices in this report. Although some of the practices are discussed in other publications [3] , this report describes considerations for how to implement and operationalize good measurement practices specifically as they apply to ClinRO assessments.
The report's recommendations are intended to guide the development and evaluation of ClinRO assessments used to support conclusions regarding treatment benefit during the medical product review process and to support the deliberations concerning the use of those medical products in patients.
The goal is to develop ClinRO assessments that are fit for their intended purpose in the most efficient manner possible. The explicit objective in following good measurement practices is to minimize error in measurement of the concept of interest and achieve clarity in the interpretation of study results when evaluating treatment benefit. A number of ClinRO assessment examples are included in this report.
The results generated by ClinRO assessments are used in end point definitions that are specific to a clinical study protocol. A recent study showed that more than one quarter of denials of the first review approval for new drug applications for new molecular entities submitted to the US Food and Drug Administration (FDA) were based on a lack of clarity on the clinical meaningfulness of end points (13.2% of applications) and a lack of consistency across multiple study end points (in another 13.2% of applications). This could reflect a lack of effect with the interventions or a lack of appropriate development and/or clarity on end points [4] .
These data highlight the importance of good measurement practices and proper development of outcome assessments for use as end points in clinical trials to more efficiently and accurately measure treatment effects. In addition, clarity on treatment benefits is important beyond regulatory approval. It provides justification for the uptake of new interventions into clinical practice and provides evidence to payers and health technology assessment bodies for reimbursement on the basis of the clearly demonstrated added value of new interventions [5] .
The task force report's descriptions of COAs, ClinRO assessments, and recommended good measurement practices for their development and evaluation are closely aligned with those in the US FDA PRO Guidance [6] , the Guidance on the Qualification of Drug Development Tools [7] , and the FDA Roadmap to Patient-Focused Outcome Measurement in Clinical Trials [8] . We summarize the good measurement practices presented in this report in a checklist-the Clinical Outcome Assessment Review of Listed Items (Table 1) .
Treatment Benefit
Measurements of the treatment benefits of medical interventions rely on specified outcome assessments evaluating how patients feel, function, or survive. This assessment is used in defining the trial end points and in comparing patient groups within the study. Confirmatory controlled clinical trials (e.g., phase 3 trials) are designed to evaluate the study end point for patients who received the investigational intervention compared with those who received a comparator intervention, often a placebo or an active control.
These rigorous studies are the usual source of evidence demonstrating treatment effects (differences between the test and control groups) that support conclusions of treatment benefit (a meaningful effect on how patients feel, function, or survive). Therefore, differences in study end point results between treatment and control groups need to show or be confidently interpreted as indicating a meaningful effect on how patients feel, function, or survive.
In contrast to a PRO assessment in which patients can directly report their feelings and function, a ClinRO assessment is usually indirectly related to how patients feel or function in their daily lives. Clinicians cannot know exactly how patients feel or experience feelings or symptoms. Moreover, in daily life, it is unusual for clinicians to observe patients outside the clinic setting. Situations in which a ClinRO assessment is practical and when it is not possible for patients to directly evaluate symptoms and functioning in daily life directly, and/or when clinical judgment is required to make the assessment, a ClinRO assessment may be used to make observations related to patient functioning or signs [2] . This report does not address issues related to the direct assessment of survival (all-cause and cause-specific). Assessment of survival is discussed only in the context in which a ClinRO is used as an indirect assessment to predict future survival. A detailed description of direct and indirect evidence of treatment benefit is provided elsewhere [2] .
Constructing End Points
All COAs, including ClinRO assessments, can be used as measurements to construct end points, but they are not end points in and of themselves. An end point is defined by how the COA is 1) used to quantitatively evaluate the effect of an intervention, 2) analyzed to determine the differences between test and control groups in the specific setting of a clinical trial, and 3) interpreted to reflect how those differences affect how patients feel, function, or survive.
Because many efficacy end points in treatment trials are defined using a ClinRO assessment as the COA, a ClinRO assessment should be 1) well defined in terms of the concept of interest, 2) reliable, 3) able to detect change, 4) interpretable in a clinical trial in the population tested, and 5) representative of how patients survive, feel, or function.
A ClinRO assessment can have multiple subcomponents that affect clinician judgments. Although biomarkers are not ClinRO assessments, they can be included in a ClinRO assessment as part of the information clinicians use to form opinions or decisions on the basis of judgments. ClinRO assessments do not include situations in which biomarkers are the sole deciding factor for the clinical decision. For instance, decisions to administer blood transfusions on the basis of defined hemoglobin concentrations plus clinician-judged signs and symptoms are ClinRO assessments. In contrast, decisions to transfuse solely on the basis of reaching laboratory-defined hemoglobin concentrations without consideration of other factors are not ClinRO assessments.
A ClinRO assessment can be combined (composite or coprimary or secondary end point) with patient-reported assessments (e.g., pain intensity), other symptoms or patient function, or other types of outcome assessments (e.g., biomarkers). These various end points could differ in appropriateness or meaning for different disorders, different stages of the same disorder, or with different treatment objectives. The construction of the end point must be meaningful for patients in terms of how they feel, function, or survive, and not merely designed to show statistically significant differences between the test and control groups.
Furthermore, the same COA (including a ClinRO assessment) can be used in different ways to construct different end points. For instance, in skin infections, the ClinRO assessment might be clinician measurements of skin lesion area. The end point using this ClinRO assessment could be defined in several ways as 1) group differences on the amount of time to total resolution of skin lesions; 2) amount of time to decrease size of skin lesion area by a specified amount (e.g., a 20% decrease in lesion area); 3) difference in proportions of study participants who reach a "responder" criterion (e.g., total resolution or decrease in lesion area by a specified amount) by a specific time point (e.g., 3-4 days postrandomization); or 4) difference in average size of skin lesion area at a specific time point [9] .
Types of ClinRO Assessments
We have categorized ClinRO assessments into three main types: 1) readings, 2) ratings, and 3) clinician global assessments (Table 2 ). ClinRO assessments are generated from procedures that result in readings or ratings of some form of information. The patient may be passive (e.g., sitting or lying), active (e.g., performing an activity, such as breathing deeply when clinicians are auscultating breath sounds), or questioned with regard to their symptoms or activities. This is then followed by the clinicians' interpretation of these responses (unlike PROs in which there is no clinician interpretation).
Readings-Readings are clearly defined results that can be observed and reported (characterized) in a dichotomous manner (e.g., yes/no and presence/absence formats). Readings are most often dichotomized on the basis of clinicians' judgment process, often using an assessment protocol with appropriate clinician expertise. Examples include the presence or absence of clinician-identified radiographic vertebral fractures or clinicianidentified swollen joints [9] .
End points based on dichotomous actions, such as prescribing additional medications, changing medications, or administering procedures, are defined and informed by clinician judgment, and thus are ClinRO COAs. Although end points such as hospitalizations are easily counted (yes/no) and appear dichotomous, the ClinRO assessment is the decision to hospitalize patients that depends on many different variables that form clinician judgments (e.g., various components of the patient's health status, bed availability, and social or administrative reasons unrelated to the illness under study).
The reasons leading to hospitalization related to the patients' health status are what is important, rather than solely the event of hospitalization itself. Where patients reside during the measurement is an indirect assessment of health status. Other examples include surgical interventions, administering oxygen or blood transfusions, discharge from hospital, and transfers to and from intensive care units. If the dichotomous action is based on well-defined variables that are readings or ratings (defined later), the ClinRO is defined by those assessments.
Ratings-Ratings are categorical (either ordered or not) or continuous measures, in which the assessment has at least three possible levels that generate scores representing the concept(s) of interest. Examples of categorical ClinRO assessments include the Ash-worth Spasticity Scale [10, 11] , the Aronchick Scale in bowel preparation for colonoscopy [12] , and the Brief Psychiatric Rating Scale in mental disorders [13] . An example of a continuous ClinRO assessment is the size/area of skin lesions [14] .
A rating type of ClinRO assessment may be dichotomized in an end point so that assessments higher or lower than certain thresholds are considered a "success" or "failure" on the basis of a defined responder criterion. Even though the ClinRO assessment itself is a rating, the end point as constructed for the trial is based on a dichotomous result. For example, in dermatologic indications, some studies use a multicategory scalar rating dichotomized to responder criteria defined by a two-grade or larger change to "clear" or "almost clear" from an initially more severe grade.
Clinician global assessments-Clinician global assessments (CGAs), including clinician global impressions and clinical global impressions of change, are assessments based on a clinician's overall judgment(s) of 1) the patient's total health status or 2) an aspect(s) of their health status for which the variable(s) assessed (e.g., which signs of disease should clinicians observe and assess) are not consistently defined or are undefined.
CGAs form a unique category of ClinRO assessments distinct from readings and ratings because the concepts that they assess are not explicitly defined. CGAs usually do not define 1) the specific variables assessed in performing the ClinRO assessment, 2) the methods of assessment, 3) how "response" on a particular variable is defined, or 4) how the variables are combined or weighted to arrive at the overall ClinRO assessment. Although often used in clinical practice and as supplemental/exploratory information in clinical trials, ClinRO CGAs are inadequate in a clinical trial setting as the primary or sole basis for evaluating the causal treatment effects of interventions.
Clinical practice is based on the use of interventions that 1) are intended solely to enhance the well-being of an individual patient and 2) clinician decisions are based on a reasonable probability of benefit [15] . In contrast, clinical research is designed to test a hypothesis about an intervention, permit conclusions to be drawn, and thereby develop or contribute to generalizable knowledge about the intervention [15] . In the setting of evaluating causal treatment effects of interventions, clarity and uniformity on what is assessed with regard to the intervention's benefits are needed. Clarity on outcome assessments, in turn, can inform clinical practice, and clinical practice can provide hypotheses to test in clinical trials.
Challenges in Development and Interpretation of ClinRO CGAs
Poorly measured variables or undefined/inconsistently defined or combined measures make it extremely difficult, if not impossible, to evaluate the properties of a CGA and to interpret the study result as a meaningful treatment benefit. Furthermore, added measurement error due to the lack of standardization can make it more challenging to detect important changes in patients' health status using CGAs. CGAs are often used as a "safety net" to capture unanticipated adverse effects or benefits of treatment in an exploratory way, but they are not useful as the primary or sole measure to define treatment benefit.
Given the lack of specification of the aspects of feel, function, concept of interest, and method of assessment for ClinRO CGAs, demonstration of the relationship between the CGA and the aspects of survival, feeling, and functioning is challenging, and in most cases, not possible. When the content of the ClinRO assessment is undefined or inconsistently defined, establishing content validity is inherently problematic.
Some studies of antimicrobials for the treatment of hospital-acquired pneumonia have exemplified the issues of unclearly defined global assessments [16] . Recent studies have shown that noninferiority on this global "clinical response" ClinRO assessment can be insensitive to increased mortality [17] . Similar problems in meaning and interpretation of the study results have been seen with studies of urinary tract infection [18] and heart failure [19] .
The lack of specific definitions contributes to the often-weak reliability, validity, and ability to detect change, as well as interpretability issues with ClinRO CGAs. One study showed that ClinRO CGAs are affected by 1) variability between clinicians (because of differing criteria between clinicians and within individual clinician's judgments for the state of patients' health status or the "success" of a treatment); 2) the influence of recall bias when clinicians are asked to compare global assessments at specific times after trial initiation with a baseline global assessment; 3) poor reproducibility; and 4) response shift, if clinicians compare patients' health status with the previous visit instead of baseline [20] . Finally, studies have shown low inter-rater and intra-rater reliability when assessing signs of disease, such as tumor size on physical examination [21] .
A study that compared a ClinRO rating assessment and CGA demonstrated the challenges in evaluating CGAs. The end point in a randomized controlled noninferiority trial comparing a test and control antibiotic in acute exacerbations of chronic bronchitis was complete resolution or improvement in clinician-judged patient symptoms [22] . The primary end point in the trial was a CGA, that is, clinician-judged symptoms (specific symptoms or how much improvement counting as "response" not defined) improved such that no further antibiotics were prescribed. The case report form also included specific symptoms and asked clinicians to specifically capture symptom improvement on each variable (a ClinRO rating assessment on specific symptoms). A comparison of the CGA and the ClinRO rating assessment showed an overall kappa correlation of 0.63. The explanation for the discordance was unclear specifically because the variables used to determine the CGA were not defined.
Although the level of discordance might be interpreted as a "moderate" correlation, almost half of the participants in whom treatment would have been considered as treatment "failure" on the ClinRO rating assessment of specific symptoms were defined as treatment "successes" on the CGA [22] . It is often assumed that CGAs represent a more "comprehensive" assessment of patients' health status. One could hypothesize that if this were true then the CGA would result in more "failures" than the ClinRO rating assessment, unless the ClinRO rating assessment was missing important symptoms.
Furthermore, the misclassification was differential between the test and control groups (more misclassification in one group compared with the other) showing that randomization does not address postrandomization events such as classification of outcomes. Last, the discordance between the CGA and the ClinRO rating assessment resulted in a change in the results of the study from +1.0% (95% confidence interval −3.8% to +5.7%) in favor of the test drug with the CGA to −2.2% (95% confidence interval −8.3% to +3.4%) in favor of the control drug, with the ClinRO rating assessment showing the potential to alter conclusions even with what appears to be moderate amounts of discordance.
A related challenge with ClinRO global assessments is that they may be influenced by assessments that are not ClinRO assessments. For example, if there is specified or inadvertent inclusion of a biomarker(s), this can influence clinician decision making and the overall end point definitions in uncertain ways. For instance, in the study comparing a CGA and ClinRO rating assessments, the authors hypothesized that clinicians may be incorporating biomarkers and signs such as body temperature preferentially over patient symptoms [22] . A ClinRO global assessment based on the vague "improvement in signs, symptoms, laboratory values, and radiography" may be strongly dependent on the biomarkers of laboratory values and radiography. These results may 1) override clinician judgments based on signs or symptoms; 2) not reflect patient benefit; and 3) lead to assessments varying between and within clinicians.
Furthermore, some ClinRO CGAs are used in an attempt to combine disparate outcomes that assess distinct aspects of survival, feelings, and functioning, as well as different concepts of interest (from other contexts of use) into a single outcome assessment. Unfortunately, this decreases clarity, confuses interpretation, and compounds uncertainty. For instance, if a single trial pools different stages of disease or different diseases in which different distinct disease manifestations predominate, separate well-defined outcome assessments may be needed because of the different aspects of feeling and functioning and the concepts of interest in these separate contexts (e.g., cough in pneumonia and dysuria in urinary tract infections). Using a single CGA can mask the ill-defined amalgamation of the different aspects of feeling and functioning.
Use of a single nonspecifically described ClinRO CGA across various contexts of use does not address the issues of the distinct aspects of survival, feeling, and functioning nor the concepts of interest. This leads to problematic interpretation of the trial results, both overall and for the differing contexts of use.
Historically, the purported large effect sizes needed to overcome variability in measurement to demonstrate differences with ClinRO CGAs have been used as a justification for inclusion in superiority trials. The approach was based on the idea that if large effects are demonstrated, they must be clinically meaningful because of the magnitude of the effect. This, however, does not address the lack of clearly defined outcomes to understand the direct benefit to patients. Moreover, if biomarkers or minor changes in signs of disease ("hidden" surrogate end points) are driving observed differences on an end point, those differences between groups may not indicate an important treatment effect.
In noninferiority trials, CGAs are problematic because the variability in assessments and increased variance may drive study results toward minimizing differences when meaningful differences in treatment effects may exist. Demonstrating an absence of statistical differences between treatments on an unclear end point does not rule out a meaningful effect size in favor of either the test or control intervention or absence of clinical meaningful difference to patients, as in hospital-acquired pneumonia as noted earlier.
Some patient assessments or batteries of assessments include combinations of PROs, ClinROs, ObsROs, PerfOs, survival, and/or biomarkers. This discussion applies to the ClinRO elements of those assessments. Many of the good measurement practices explained here apply to all COAs developed using an iterative, stepwise combination of qualitative and quantitative methods [6, 7] .
Good Measurement Practices
General principles of good measurement practices for ClinRO assessments do not substantially differ from those for other COAs. There are, however, differences in the methods and approaches, as well as certain areas requiring increased attention. The principles presented here represent the current state of knowledge. Nevertheless, research on ClinRO assessments is still developing and additional research may reveal more precise differences and similarities between ClinRO assessments and other types of COAs.
Good measurement practices in developing and evaluating ClinRO assessments include 1) defining the context of use; 2) identifying the concept(s) of interest; 3) identifying and evaluating the relationship between the concept(s) of interest and the important aspects of feelings (e.g., symptoms), and function intended as the treatment benefit; 4) documenting content validity; 5) evaluating other measurement properties beyond content validity; 6) defining study objectives and end point(s) objectives, defining study end points, and placing study end points within the hierarchy of end points; 7) establishing interpretability for clinical trial results; and 8) evaluating operational considerations when using ClinRO assessments to define end points in clinical trials ( Table 1 ).
The first step in an initial ClinRO assessment evaluation is to recognize the intrinsic characteristics of the measure and what it is intended to represent. An important early element of this appraisal is to describe the intended benefit as an effect on a clearly identified, inherently meaningful aspect of how patients feel or function in their typical lives in relation to the clinical trial context.
There is no one-size-fits-all approach to outcome assessment development, including a ClinRO assessment. All assessments are imperfect in that they encompass the true measurement and some associated error. The goal is to reduce error in measuring the concept of interest and to achieve clarity in interpretation when evaluating treatment benefit. Although "validity" means that the ClinRO assessment measures what it purports to measure, we have avoided the terms "validity" and "validated" in this report because it implies that an outcome assessment is fit for purpose in all situations if it is declared "validated." Rather, we explore here the development and evaluation of ClinRO assessment measurement properties, including validity, for a specific context of use.
Good Measurement Practice 1: Define the Context of Use
The term context of use refers to the comprehensive descriptions that fully and clearly delineate the setting, manner, and purpose of use of the ClinRO assessment [2] . When used in clinical trials for development of medical interventions, context of use includes specifying how the ClinRO assessment is intended for use as an end point in clinical trials. As stated previously, ClinRO assessments are not in and of themselves end points.
The context of use description includes a variety of study attributes setting the boundaries within which a ClinRO assessment is appropriate for the intended use and considered adequate. When defining the context of use, it is important to consider all study features that can affect the validity and reliability of the assessments as discussed previously (Table 3 ) [2] . Inherent in the context of use is a clear definition of the disease and study population that determines the study entry criteria. Only after the disease definition and targeted study population are defined can appropriate outcomes be identified.
There is an inherent difference between COAs used in the context of diagnosis (enrollment criteria) compared with COAs used to define end points in treatment clinical trials. The purpose of diagnosis is to identify persons with and without disease or at risk of developing a disease. The purpose of an outcome assessment used to define an endpoint in a clinical trial is to evaluate treatment benefit.
A COA used for diagnosis is often not useful as an outcome assessment in treatment trials. For example, chest x-rays that help identify patients with pneumonia are not useful outcome assessments in pneumonia treatment studies because chest x-rays 1) do not represent how patients feel or function, 2) are slowly responsive to change over time, and 3) do not correlate with patient symptoms. Components of diagnosis, however, are used in prevention studies to define occurrence of disease. Even in the setting of prevention and disease detection, disease often is defined by a composite of symptoms, signs, and other diagnostic laboratory criteria (not laboratory tests alone).
Similarly, assessment of the bulging of the tympanic membrane in acute otitis media may be useful in diagnosing bacterial versus viral disease; this evaluation is, however, not useful for measuring treatment benefit. It does not reflect a treatment effect on patient symptoms or functioning in their daily lives as evaluated using an Observer Reported Outcome assessment as shown in randomized trials [23, 24] .
A ClinRO assessment (or other COA) that is an appropriate outcome assessment in one context of use may or may not be adequate in a different context. For example, disease manifestations may differ between early and later stages of disease or other distinguishing aspects of disease populations. This may influence the choice of 1) primary concepts of interest, 2) the type of COA chosen (including whether a ClinRO assessment is the most appropriate or not), and 3) the type(s) of reporter to perform assessments. A PRO assessment may be the most appropriate COA for itchiness in atopic dermatitis in older children who can self-report, whereas a ClinRO or ObsRO assessment is a better COA for measuring clinical signs or behaviors in young patients who cannot self-report.
A given instrument can be used across different contexts of use if empirical evidence supports that the content validity-including the concepts, domains, and relative importance of items and domains providing the conceptual framework-remains constant among the contexts of use. The instrument may need to be used along with other outcome assessments in different contexts of use, for example, a PRO or ClinRO alone in early stage or less severe disease with no mortality, but a PRO or ClinRO along with mortality and complications in later or more severe stages of disease when death and disease complications may occur more often.
Nevertheless, defining an overall end point, the hierarchy of end points, and interpretations of scores may or may not differ between contexts of use. For instance, the content validity of an instrument to measure influenza symptoms was empirically shown to remain the same between hospitalized and nonhospitalized patients, obviating the need to develop an entirely new instrument for each context of use [25] .
Good Measurement Practice 2: Identify the Concept(s) of Interest
The chosen concept of interest should align with key study objectives and intended treatment benefit. The concept of interest will determine how the treatment benefit is described, especially in the setting of regulated product labeling. Clarity on the intended treatment benefit of how patients feel, function, or survive that the concept of interest represents will help explain treatment benefit more clearly to patients and clinicians, payers, and other stakeholders. When the relationship between the concept of interest and treatment benefit is clear and adequately understood, the relevant aspects of patients' feeling, function, or survival may be used to describe the benefit provided to patients from interventions. When inadequate attention is given to input from patients, clinicians, regulatory agencies, payers, or sponsors, the concept(s) of interest may be 1) inconsistent with the trial objectives and 2) challenging for interpretation of the clinical trial findings. There may be a lack of empirical evidence that the outcome assessments used as end points actually provided evidence of a meaningful benefit for patients.
To identify an adequate ClinRO assessment in a specific context of use, we recommend starting with identifying the meaningful aspect of how patients feel, function, or survive that is hypothesized as the intervention's treatment benefit. The next step is to identify the concept of interest that could be observed by a clinician that purports to assess the meaningful health aspect, and then, when possible, evaluate the relationship between the ClinRO assessment and the selected meaningful aspect of health as described in Good Measurement Practice 3 later.
For example, in acute bacterial skin infections, the meaningful health aspects that define treatment benefit are decreased symptoms, such as pain, and improved daily activities, such as bathing, dressing, or other activity related to the location of the skin infection. A ClinRO assessment measuring the concept of skin lesion size may be chosen on the premise that skin lesion size reductions reflect improved pain and daily activities [9] . Interpretation of study results and a conclusion of treatment benefit would depend on knowing the relationship between lesion size and how patients feel and function in the patient population studied.
Good Measurement Practice 3: Consider and Evaluate the Relationship between Treatment Benefit and the Concept of Interest Assessed by the ClinRO Assessment
As stated previously, most ClinRO assessments are indirect assessments of treatment benefit.
A ClinRO assessment may be based on clinician evaluation of resolution or improvement of observable disease signs, or on a clinician's interpretation of what a patient says about "how he or she is doing" on some defined list of activities, which are indirect measures of how patients feel or function. For example, splenomegaly (enlargement of the spleen) in myelofibrosis or bulging of the tympanic membrane in acute otitis media are ClinRO assessments because they require professional judgment to perform the assessments, but these ClinRO assessments do not directly measure nor necessarily reflect how patients feel or function.
The indirect relationship does not eliminate the ClinRO assessment's potential to be a valuable outcome evaluation as long as there is an understanding of the relationship between the ClinRO assessment's measured concept of interest and the meaningful health aspect of patient feeling, functioning, or survival. If an understanding of that relationship does not Indirect measurements of treatment benefit, like most ClinRO assessments, fall along a continuum of "indirectness" (i.e., how closely the concept of interest is related to treatment benefit). Some indirect assessments are more closely related to real-life experiences than are others. For example, redness of the skin in psoriasis is closely related to patient symptoms. In contrast, although spleen size is an important physiologic and diagnostic measure for myelofibrosis, and may be related to some important symptoms, such as pain and dyspnea, it is not closely related to symptoms of night sweats and itching that are direct measures of treatment benefit (Fig. 1) .
A rationale should be developed describing why a particular concept of interest, as measured by a specific indirect assessment, is expected to reflect a treatment benefit. Importantly, the relationships between measured effects on the basis of ClinRO assessment and the intended treatment benefits in terms of how patients function, feel, or survive should be described and evaluated empirically. As stated previously, patient and clinician input is needed to appraise the relationship between the concept of interest measured by a ClinRO assessment and the treatment benefit.
The relationship between a ClinRO assessment and a treatment benefit includes the timing of the expected benefit as well. A ClinRO assessment can represent a concurrent treatment benefit or a benefit expected to occur in the future. For example, a nurse's assessment of a neonate's crying behavior during a heel prick is likely to represent children's experienced concurrent pain. Conversely, a ClinRO assessment of clinician-judged signs of tumor shrinkage may be hypothesized to reflect a future treatment benefit of decreased mortality (increased survival). Such relationships between a ClinRO assessment and future treatment benefit are, however, rarely known. Increased survival needs to be directly demonstrated in order to conclude that a ClinRO reflects improved survival in a given context of use.
If improvement or resolution in the ClinRO assessment in the clinical trial's context of use is demonstrated to relate to how patients survive, feel, or function, the ClinRO assessment is appropriate as a measure of treatment benefit. The determination of appropriateness is made in light of the specific context of use. Developing a hypothetical rationale on the basis of physiological or epidemiological evidence is a useful and necessary first step.
A theoretical rationale alone, however, does not demonstrate the relationship between an indirect assessment and how patients survive, feel, or function. Claiming that a ClinRO assessment represents treatment benefit because it is part of the disease pathophysiology is not sufficient. For instance, epidemiological evidence may demonstrate associations or correlations between tumor shrinkage and mortality as part of the natural history of treated or untreated disease independent of therapy. Nonetheless, it does not mean that an intervention's effect on tumor shrinkage after treatment will necessarily lead to a treatment effect on mortality in clinical trials [26] . Another example is that a treatment effect on vein appearance in superficial venous incompetence (varicose veins) measured by a ClinRO assessment may or may not relate to treatment effects of decreased symptoms of heaviness, achiness, throbbing, and itching.
Therefore, in practical terms, the relationship between direct assessments of treatment benefit and indirect outcome assessments should be clearly described and empirically tested. Ideally, treatment effects on direct measures of patient benefit compared with treatment effects on the ClinRO will demonstrate this relationship.
Some previously used ClinRO instruments have been shown to be unrelated and inadequate to support conclusions of treatment benefit. For example, the changes in the ClinRO global assessment of "clinical response" did not reflect treatment effects on patient symptoms in acute bacterial sinusitis [27] . Changes in tympanic membrane bulging did not reflect treatment effects on patient pain and function in acute otitis media [23, 24] .
Once the concept of interest has been selected and is known to relate to how patients feel, function, or survive, the content validity of a measure selected or developed to assess the concept of interest may be evaluated as described in the next section.
Good Measurement Practice 4: Document Content Validity of the ClinRO Assessment
Content validity denotes the extent to which a ClinRO assessment actually measures the concept of interest in the context of use. For PRO assessments used to directly measure treatment benefit, establishing content validity requires evidence that the instrument's items capture the way patients from the target population understand and express the aspects of feeling or functioning in the context of use of the clinical trial [6, 28, 29] .
For ClinRO assessments, there are analogous tenets of content validity, that is, evidence that the ClinRO assessment captures the way clinical investigators understand and measure the concept of interest, in the clinical trial context of use. The ClinRO assessment is usually indirectly measuring a meaningful aspect of how patients feel or function. The ClinRO assessment's content validity should be documented after the relationship between the ClinRO assessment and how patients survive, function, or feel has been established (Table  4) .
Although literature reviews can support the choice of the ClinRO assessment's concept of interest, clinician input is essential to establish the appropriateness and comprehensiveness of the specific ClinRO assessment's content for measuring a particular concept of interest in a particular context of use. Previous use of a ClinRO assessment or previous publications using the ClinRO assessment alone do not necessarily ensure content validity of a ClinRO assessment especially in a new context of use.
The types of clinicians interviewed should be aligned with the types of clinicians who will perform the assessments in the clinical trial setting. Professional groups in gastroenterology, respiratory disease, rheumatic diseases, and other therapeutic areas have outlined recommended outcome assessments for certain diseases [30] . Some professional groups, however, have recommended diagnostic criteria for certain diseases that are not necessarily adequate for use as outcome assessments in clinical trials.
Clinician input can be obtained through interviews, either singly or in groups. Cognitive interviews, preferably performed with a separate independent group of clinicians, can help determine the completeness of concepts captured by a ClinRO assessment and how well they are understood. Interviews should continue until sufficient input is obtained to ensure a comprehensive and appropriate understanding of the concept of interest. Evaluating key concepts of the assessment until saturation is achieved can accomplish this goal.
Often, consensus will be necessary. This can be achieved using various methodologies, such as the Delphi technique or a nominal group approach [31] . The principles of interviews are in accord with those outlined for development of PRO assessments [6] .
In multinational trial settings, evaluation of differences in expertise and training, as well as the variations in clinical practice at study locations, can inform the content validity of the ClinRO assessment. When multiple languages are needed for the study, interviews can also assess whether the phrasing in the translated ClinRO assessment has the same content in all regions.
As with PRO assessments, multifaceted items (single items with multiple components, e.g., redness, thickness, and scaling of skin lesions in psoriasis combined into a single item) pose particular challenges. They often lack clarity in how to combine different components. Separating the elements of multifaceted items, so that each item measures a separate element, reduces ambiguity for clinicians. It provides clarity on evaluating consistency of treatment effects across items. International guidance on clinical trials points out the need for clarity and evaluation of each component of composite assessments [32] .
When ClinRO assessments have multiple components, the content validity of each component may be evaluated separately to understand how it is contributing to the content validity of the aggregate [32] . An overall assessment composed of multiple parts is only as strong as its weakest link. For example, in the concept of "gait quality" in children with cerebral palsy, clinicians might look at several aspects of gait, such as heel strike, foot roll, push off, and supination/neutral/pronation. Each could be rated on a scale of 1 to 4, and the several subscores combined in a stated way to yield a gait quality score. Each component has a different concept and together they address the concept of gait quality.
Therefore, proper evaluation of all components is necessary. If a COA comprises multiple types of assessments (e.g., PRO and ClinRO assessments), the content validity of each assessment should be evaluated separately. In addition, patient input is necessary for ascertaining patient understanding of what they are being asked to do if the ClinRO assessment involves a physical examination or patient responses of any kind.
For ClinRO readings or rating assessments, evidence should be provided on 1) the definitions of the concepts clinicians will be asked to assess, 2) the operations clinicians will perform, 3) the variables assessed (e.g., the observable signs of disease clinicians should assess), 4) how judgments will be made, 5) justification of the recall period (if any), 6) tests conducted to assess the domain and/or items in the instrument, 7) the range of clinician ratings relative to the clinical characteristics of study patients, and 8) the extent to which raters use the categories of the severity rating. In addition, the type and amount of specific training required to make assessments should be described in detail. (Smaller scale studies may be an option to help evaluate these ClinRO assessment characteristics before larger scale psychometric testing.)
Investigators may examine content validity across different contexts of use using qualitative data that address whether new content is required, and whether the relative importance of the items and domains is consistent across contexts. In different contexts of use, qualitative research may reveal potentially differing concepts of importance. In some situations, content may be the same, but there may be differences in the intensity of symptoms, for example, between periods of exacerbations of a disease and intra-exacerbation periods. This situation would not require an entirely new assessment, but may necessitate changes in scoring or interpretation of the results obtained with an assessment.
An illustrative ClinRO rating assessment is used for acute bacterial skin and skin structure infections (ABSSSI). The COA in current clinical trials is a ClinRO assessment of skin lesion size. It is used in an end point evaluating the change in skin lesion area from baseline to 48 hours after randomization [33] . Clinicians should be provided with specific instructions on 1) what aspects of the skin lesions they are to measure (e.g., redness alone or redness plus induration), 2) who on the study team should perform measurements, 3) whether the same person should make the assessments at baseline and at outcome, 4) how skin lesion assessments should be performed (e.g., body position of patient and measuring longest length and width), 5) the materials used to make measurements (e.g., a flexible ruler), and 6) the specific time points for assessment during the study [9] . Furthermore, any specific training needed to perform skin lesion measurements should be detailed.
Good Measurement Practice 5: Evaluating Other Measurement Properties after Content Validity Is Established
Once content validity is established, the evaluation of the psychometric and measurement properties of ClinRO assessments should follow the same basic principles as for PRO assessments [6] . The principles underlying "well-defined and reliable" measurement apply to ClinRO assessments as they do for PRO assessments [6] . These evaluations include 1) reliability (internal consistency and test-retest), 2) construct and known-groups validity, and 3) responsiveness/ability to detect change [3, [34] [35] [36] .
In PRO assessments, patients are their own reference standards for their health status. Although the general principles remain the same, several aspects of evaluation of ClinRO assessments call for increased attention because measures are performed or interpreted by someone other than the patient. For instance, inter-rater and intra-rater reliability/agreement has increased importance for ClinRO assessments. In COAs measured by someone other than the patient, there can be variability in measurements from one rater to another or from patient to patient on the basis of the performance of the measurement itself or the interpretation of the results with the same rater [21, 37] .
There has been considerable discussion regarding the terminology and evaluation of reliability/agreement [36, 38] , which is beyond the scope of this report. Measurements can vary within and between raters because of 1) differences in the mean values obtained (called "elevation" by Cronbach and Gleser [39] ), 2) differences in the range of values obtained (SD or spread), and 3) the tendency of measures to vary together or separately over an entire range of measurement (scatter) [39, 40] .
Several types of statistical tests are available to evaluate reliability/agreement. The appropriate test depends on the type of measurement. Simple correlations, such as the Pearson and Spearman correlation coefficients may lack the ability to evaluate measures on all three types of variability (elevation, spread, and scatter). Methods such as the intraclass correlation coefficient and graphical methods to evaluate the limits of agreement (BlandAltman plots) may be helpful [41, 42] .
Defining an "optimal" correlation may depend on the measures evaluated, the context of use, and the amount of variability that could result in clinically meaningful changes in the interpretation of results. Nonetheless, it is always good practice to state a priori the amount of acceptable variability before performing such analyses [41] . If the analysis of inter-rater and intra-rater agreement is not consistent with the prespecified definition of an acceptable measurement, then it may be necessary to retrain the clinicians performing the measurements (see Good Measurement Practice 8 later) or to re-evaluate the ClinRO assessment itself.
Good Measurement Practice 6: Using ClinRO Assessments to Define the Study End Point and End Point Positioning Aligned with the Study Objectives
The results generated by ClinRO assessments are used in end point definitions that are specific to a clinical study protocol. They need to be consistent with the study objectives and reflect treatment benefit. Investigators should distinguish between the ClinRO assessment itself and the way the ClinRO assessment is used to define an end point(s) in clinical trials. Considerations in using ClinRO assessments (or other COAs) as end points include 1) definition of the end point (either with the ClinRO assessment alone or in combination with other outcome assessments) and 2) analysis of the results including defining the timing of analysis and methods of statistical evaluation.
The positioning of study end points establishes a hierarchy of all the end points chosen and their specific contribution to the claimed treatment benefit(s) [6, 43] . A lack of clarity in the ClinRO assessment's role in the hierarchy of end points can lead to challenges in interpretation of study results. For example, in a recent acute heart failure trial, the primary end point was a PRO assessment of acute dyspnea. Nevertheless, a ClinRO CGA based on clinicians' judgments on administration of additional medication for "worsening heart failure" was used to impute missing values on the patient-reported dyspnea assessment. In this case, the ClinRO assessment results impacted the overall results of the PRO assessment. This, in turn, resulted in an impact on the primary outcome. This impact was neither obvious nor explained in the description of the primary end point, raising challenges in interpretation of study results [19] .
End points based on counting dichotomous events or actions can be based on ClinRO readings or rating assessments, such as clinicians' decisions to administer additional medication. If decisions are based on ClinRO CGAs with undefined or inconsistently defined variables, these end points can appear deceptively "objective" (and are often mistakenly called "hard" end points).
End points based on an event driven by clinician judgments are actually subjective-they vary between and within clinicians. They are often difficult to interpret. These end points may be proposed because of the apparent ability to count the number of events without interpretation, for example, additional prescriptions. Such end points, however, provide a false sense of objectivity because the basis for clinical decision making that resulted in the countable event is not clear. This leads to difficulty in interpretation of how the end point relates to the intended aspect of feeling, function, or survival.
Unless the variables assessed and the criteria for evaluation are clearly defined, end points based on clinician-judged overall "improvement" in a patient's health status are not interpretable. The relationships between those variables used in the ClinRO assessment and how patients feel, function, and/or survive must be clearly explained. Some end points, such as transfers of patients out of intensive care units, are intended to indicate improvement in health status. Nevertheless, extraneous factors, such as bed or staff availability in a given institution, may obscure the relationship between patients' health status and the measured actions (bed transfer). Furthermore, such actions may be based on different decision making in varying geographic areas on the basis of local practice patterns.
A ClinRO assessment can be used as part of a more complex multicomponent end point. This type of end point may include more than one ClinRO assessment, survival, other type(s) of COA (PRO, ObsRO, and/or PerfO assessments), and/or a biomarker(s) (e.g., the Alzheimer's Disease Assessment Scale-Cognitive) [44] . It can be difficult to determine how to interpret such multi-component end points. Moreover, how these elements are combined can be complicated. Regardless, ensuring the proper development and meaning of each component is critical.
Another example is the American College of Rheumatology (ACR) Scale for clinical trial end points in rheumatoid arthritis (ACR20, ACR50, and ACR70). This scale includes several types of ClinRO and PRO assessments and biomarkers [30] . In general, the clarity of multicomponent end points may be increased, if there is an explanation of how each component separately and in combination reflects patient treatment benefits.
Good Measurement Practice 7: Establishing Interpretability for Clinical Trial Results
Interpreting the results of a clinical trial involves evaluating whether those observed differences are meaningful to patients in their daily lives. The ability to detect change and the interpretability of clinical trial results depends on adequate attention to each of the good measurement practices outlined in the previous sections.
Even when there is a qualitative relationship between the ClinRO assessment and the intended treatment benefit, it cannot be ensured that any specific amount of measured difference between groups reflects a meaningful difference in health status to the patient or that the same amount of change along different parts of a scale has the same meaning (importance) to patients.
The ability to detect change and the test-retest reliability are ClinRO assessment measurement properties that provide the basis for statistical effect sizes. They will inform sample size calculations to show differences that achieve statistical significance. Observing statistically significant differences between treatment groups, however, does not ensure that the differences are meaningful to patients.
The methods used to evaluate end points including ClinRO assessments are similar to the analysis methods of end points using other types of COAs. There are two main types of analysis methods for interpretation of clinical trial results: 1) those based on individual patient change and 2) those based on group-level change.
The amount of change that is meaningful (important) to individual patients is often used to determine a responder definition. The responder definition may be used to propose a clinical trial analysis of differences in proportions at a specific time point or time for individual patients who meet the responder criteria.
The amount of change that is meaningful to patients may vary 1) depending on the context of use even within a single disease and 2) for the same outcome assessments when used across various diseases. For example, meaningfulness of incremental change in a ClinRO assessment may differ between the extremes of the rating scales' range for different disease stages. A given amount of change in a score may be meaningful for patients with more severe forms of a disease, but not for patients with a mild form of a disease or vice versa for a particular ClinRO assessment and disease.
All types of patients in a trial may not receive uniform treatment benefit from investigational interventions. For example, different magnitudes of treatment effects of the test intervention compared with the control may be observed on the basis of baseline characteristics of patients or disease states. For some patients, the size of the effect will be meaningful, whereas for others the study may show no effect or a trivial effect that is not meaningful.
Measurement with other COAs that have a well-understood interpretation of meaningfulness can provide anchors for comparison with ClinRO assessments. They can establish the amount of change in the ClinRO assessment that has identifiable meaning to patients and can be confidently used to define responder criteria for use in future clinical trials.
Exploration of group-level data is often useful to aid interpretation by analyzing patient subgroups on the basis of baseline demographic or disease-related factors and on the basis of a range of responder definition criteria. For example, graphic displays of the cumulative distribution of change can be useful to visualize the size and variability in response compared between test and control groups for the chosen end point.
When ClinRO rating assessments used as end points are analyzed as the difference in average score between groups, an understanding of the size of change (or difference) that is meaningful to individual patients can also be important. A responder definition used to explore clinical trial results aids interpretation of the clinical meaningfulness of the study findings because clinicians and patients may think of results in terms of differences between the numbers of patients rather than differences between rating scores.
Good Measurement Practice 8: Evaluating Operational Considerations Implemented in Clinical Trials
Protocol standardization of ClinRO assessment administration across clinicians and centers in instruction, training, and execution is crucial to reduce variability and increase reliability for treatment effects evaluation. Instruction and training should be consistent with the procedures for administration used in developing the ClinRO assessment. This is especially important in multicenter and cross-national trials, in which implementation may differ across various sites [45] [46] [47] . Developers should plan and ensure adequate training of investigators and site staff to mitigate sources of variability and measurement error.
The appropriate amount of clinician training in implementation of ClinRO assessments is context-specific. Some amount of training and quality assurance is needed in almost every situation. The training materials are a component of evaluating the adequacy of ClinRO assessment development and should be documented with other elements of ClinRO assessment development. A comprehensive user manual for standardized implementation, data capture, analysis, and interpretation of ClinRO assessments should be included. In addition, training materials in the local language(s) of participating clinicians should be provided.
Furthermore, developing criteria to qualify participating clinicians as correctly completing ClinRO assessments may be helpful. Depending on the context of the study, periodic clinician requalification may be helpful as well. Finally, instituting a means of quality assurance during data collection can be advisable.
Elements of study design can play a key role in the performance of ClinRO assessments. Special consideration should be given to aspects of study design that can influence patient cooperation or clinician judgment during the performance of ClinRO assessments. Traditional methods for decreasing systematic error, such as masking/blinding of patients, clinicians, and other outcome assessors to treatment assignment, are extremely important because of the clinician judgment influencing ClinROs and study outcomes.
Applying Good Measurement Practices ClinRO Assessment Evaluation and Development of a New ClinRO Assessment-Skin Lesion Area in ABSSSI
Good measurement practices in developing and evaluating ClinRO assessments include 1) defining the context of use; 2) identifying the concept(s) of interest; 3) identifying and evaluating the relationship between the concept(s) of interest and the important aspects of feelings (e.g., symptoms), and function intended as the treatment benefit; 4) documenting content validity; 5) evaluating other measurement properties beyond content validity; 6) using ClinRO assessments to define study end points and end point positioning (e.g., the hierarchy of multiple end points); 7) establishing interpretability for clinical trial results; and 8) evaluating operational considerations when using ClinRO assessments to define end points in clinical trials.
Evaluation as a ClinRO Assessment
Measuring skin lesion area is a ClinRO rating assessment because it is a scalar continuous measure performed using a flexible ruler at baseline and during study by clinicians (judgment required to perform measurement). The context of use (good measurement practice 1) is adult patients with ABSSSI who can self-report on their own symptoms. The concept of interest (good measurement practice 2) is skin lesion area.
As per good measurement practice 3, optimally, the concept of interest should have been chosen for its ability to reflect the patient benefit on the meaningful health aspect of patients' lives that represents treatment benefit in this disease. The treatment benefit for this disease is improved patient function (improved ability to perform activities of daily living) and decreased pain.
In this example, however, the concept of interest (skin lesion area) was chosen on the basis of the demonstration of treatment effects on reduction of skin lesion area from historical studies, which allowed for justification of a noninferiority margin for trials in ABSSSI with noninferiority hypotheses. These studies did not demonstrate a clear relationship between the concept of interest and how patients feel or function [9, 48] . In general, it is better to choose the meaningful benefit for patients first and then choose a ClinRO that reflects that benefit, rather than choosing a ClinRO solely on its ability to demonstrate treatment differences between the test and control groups.
Nevertheless, studies conducted more recently demonstrated high correlations between two separate PRO assessments (Visual Analogue Scale and Faces Rating Scale) measuring patient pain. Patient pain was related to decreases in skin lesion area over time, despite poor correlations of skin lesion size and pain at baseline [14] . These trials were also noninferiority studies. Without trials demonstrating differences between the test and control groups (superiority trials), it was not possible to show that the correlations between decreases in pain and changes in skin lesion area were due to treatment effects (good measurement practice 3).
Building on these findings, further studies were done to support the ClinRO assessment of skin lesion area. The content validity of the ClinRO rating assessment (good measurement practice 4) was supported by interviews with clinician and patients showing that signs of disease such as redness, swelling, and induration were important concepts in ABSSSI [49] . Evaluation of the measurement properties of the ClinRO rating assessment showed high inter-rater reliability of skin lesion area measurements over time (good measurement practice 5) [14] .
The ClinRO rating assessment of skin lesion area was used to define an end point for clinical trials in ABSSSI of a responder criteria of 20% or more decrease in lesion area from baseline (good measurement practice 6) [9, 48] . This ClinRO rating assessment has been used in clinical trials to date [33, 50, 51] . Finally, investigators were trained as part of clinical trial start-up on how to perform and capture measurements (good measurement practice 7) [14] .
Of note, the ClinRO rating assessment of skin lesion area as the primary end point replaced in US trials the previous poorly defined CGA of clinician-judged improvement in patient signs and symptoms such that no further antimicrobial therapy is needed [9, 48] . This CGA is still used as a secondary end point in US trials and as a primary end point in European trials. A PRO assessment directly measuring patient benefit on a comprehensive list of symptoms and patient function is under development [52] .
Conclusions
ClinRO assessments are commonly used in end points that form the basis for review and approval of medical interventions. Applying the good measurement practices outlined here can increase efficiency of clinical trials while providing clarity on treatment benefit for patients.
Considerations regarding ClinRO assessments (and all outcome assessments) as end points in trials should occur early in the development process. Trial designers should consider the context of use of the proposed study. This informs the aspects of survival, feeling, and functioning in patients' daily lives on which the intervention is hypothesized to have a treatment benefit. Trial designers should decide what concept(s) of interest is informative about that treatment benefit and appropriate for the context of use, and how to best assess the concept(s) of interest using all-cause survival, COAs (PRO, ClinRO, ObsRO, or PerfO assessments), and/or biomarkers.
Trial designers should decide whether a ClinRO assessment is the best choice for evaluating the chosen concept of interest in the specific context of use. The choices related to the meaningful aspect(s) of survival, feeling, and functioning; context of use; concept(s) of interest; and COA characteristics and measurement properties are best conceived as an iterative rather than strictly linear process.
For PRO assessments, the concept of interest and aspect of survival, feeling, and functioning (e.g., pain) are usually identical. In contrast, in ClinRO assessments, the concept of interest is usually an indirect assessment of the aspect of survival, feeling, and functioning.
Therefore, trial designers should consider the relationship between the meaningful aspect(s) of survival, feeling, and functioning and the concept of interest before developing, modifying, or choosing a ClinRO assessment for use in clinical trials.
Once these relationships and the concept(s) to be measured by the ClinRO assessment are clear, trial designers can proceed with documenting content validity of the ClinRO assessment. After evidence demonstrates that the ClinRO assessment measures the concept of interest in the context of use, other measurement properties can be evaluated including construct validity, reliability and ability to detect change, as well as information on interpreting what is a meaningful amount of change in a given context of use.
A ClinRO assessment can be defined as a dichotomous reading, a scalar or categorical rating, or a CGA. CGAs, however, should be avoided as primary end points because of the issues discussed in this report. A ClinRO assessment can be used to define end points in many different ways. Trial designers should consider how each end point fits within the hierarchy of study objectives and how outcome assessments, singly or in combination, can be used to provide confirmatory information about treatment benefit. Standardized training and procedures for administration and use of ClinRO assessments for the specific context of a trial should accompany implementation of ClinRO assessments in clinical trials.
Following these emerging good practice recommendations in the choice of a ClinRO assessment as an end point in a trial and in the development of a ClinRO assessment will aid trial designers, regulators, policymakers, payers, and ultimately patients by providing interpretable evidence of treatment benefit. Future work will elucidate when ClinRO assessments are best to use and optimizing methods for their development and implementation. Table 2 Definitions and types of ClinRO assessments.
ClinRO assessment: Evaluation of patients' health status reported by trained health care professionals (e.g., physicians, nurses, midwives, and therapists) and requiring specialized professional training to make the assessment ClinRO reading: Evaluation in which the observed characteristics are reported in a dichotomous (e.g., yes/no) form (e.g., presence or absence of fractures, causal attribution of death) * ClinRO rating: Evaluation in which the characteristics observed and reported have at least three possible categories or levels that generate scores representing the concept(s) of interest (e.g., Unified Parkinson's Disease Rating Scale, the Aronchick Scale in bowel preparation for colonoscopy, and the Brief Psychiatric Rating Scale in mental disorders)
ClinRO clinician global assessments (clinician global impressions and clinical global impressions of change): Evaluation based on clinicians' overall judgment(s) of the patient's total health status, or aspects of their health status for which the variables assessed are poorly defined or undefined.
CGA, clinician global assessment; ClinRO, clinician-reported outcome.
* An assessment that is dichotomized on the basis of a general and unstated clinician judgment process in which the variables measured are poorly defined or undefined (e.g., decision to prescribe additional medication on the basis of poorly defined "signs and symptoms") is considered a CGA.
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